1. The activity of fourteen tectoreticulospinal neurones (TRSNs) was recorded intraaxonally in the caudal pons of alert cats during orienting movements towards visual stimuli. TRSN spikes were used to compute the spike-triggered average (STA) of rectified EMG of dorsal neck muscles. 2. Eight TRSNs for which 400-2532 spikes were available were analysed with the STA technique. When the STA was computed from all spikes, significant post-spike facilitation (PSF) was obtained for six of eighteen cell-muscle pairs investigated (5 TRSNs). The mean relative amplitude of PSFs was 7.4% (S.D. 3.7). The onset latencies ranged from 1.1 to 5.0 ms and mean duration was 11.4 +/-3.1 ms (mean +/-S.D.). 3. Interspike interval distributions were unimodal, with modes between 2.7 and 12.7 ms. Spike trains of TRSNs that produced significant PSFs contained 5-13% of the interspike intervals < or = 5 ms and 22-37% of the intervals < or = 10 ms. To evaluate the contribution of short intervals to PSF, STAs we...
PSFs. The unrealistically short onset latencies could be accounted for by the summation of facilitation from the trigger spike with that of the preceding spikes. In four of five TRSNs a large increase of PSF amplitude (from 3-2 to 7-2 times the amplitude obtained from 'long' intervals) suggests the presence of frequency-dependent potentiation of synaptic transmission. 6. This study unequivocally demonstrates that some TRSNs produce significant post-spike facilitation of neck motoneurones. This facilitation could be mediated by monosynaptic tectomotoneuronal connections although a contribution by disynaptic connections cannot be definitively ruled out. The high instantaneous firing rates of TRSNs produce a potentiation of the otherwise weak facilitatory action of TRSNs that presumably contributes to a rapid recruitment of motoneurones during initiation of head orienting movements.
Burst discharges of cat tectoreticulospinal neurones of the superior colliculus (SC) in cats (Hess, Biirgi & Bucher, (TRSNs) occur before and during phasic contractions of the 1946; Roucoux, Guitton & Crommelinck, 1980) and contralateral dorsal neck muscles when orienting towards correlations of collicular unitary activity with natural head visual stimuli (Grantyn & Berthoz, 1985; Guitton, movements (Straschill & Schick, 1977) were interpreted as 1986; Olivier, Grantyn, Chat & Berthoz, 1993) . In the past, suggesting a causal relationship between the descending observation of rapid head movements induced by stimulation volleys in the tectospinal tract and excitation of neck motoneurones. However, more recent studies of identified TRSNs in alert cats revealed that activity of this class of neurones is often dissociated from eye saccades and synergic neck muscle contractions in head-fixed animals (Grantyn & Berthoz, 1985 , 1988 or from combined gaze shifts in the head-free condition (Munoz & Guitton, 1986) . Such a dissociation occurs, for example, when TRSNs generate bursts in response to visual stimuli that do not evoke any orienting movement. Although 'visual' activity is generally weaker than activity coincident with movement, TRSN burst parameters (instantaneous firing rates, spike numbers) show considerable overlap. Another example is provided by centripetal gaze shifts in the horizontal plane. TRSNs generate saccade-related bursts, but activation of neck EMG is absent, unless saccades bring the eyes beyond the vertical meridian (Grantyn & Berthoz, 1988; Olivier et al. 1993 ). This 'conditional linkage' of TRSN activity with neck EMG suggests that they exert only a generalized facilitatory action on premotor structures, but that their direct action on motoneurone pools is negligible. Such an interpretation is in good agreement with concepts about the respective roles of the tectum and of the tectomotoneuronal interface in the brainstem tegmentum in the control of orienting movements (for review see Masino, 1992; Grantyn, Olivier & Kitama, 1993) . The present study is an attempt to evaluate the functional strength of tectomotoneuronal connections by the method of spike-triggered averaging (STA) of rectified EMG introduced by Fetz & Cheney (1980) . This technique is supposed to be more effective than the analysis of covariation of firing rate with movement parameters (Fetz, 1992) and has been extensively used to analyse functional connections between corticospinal cells and spinal motoneurones of forearm and hand muscles (e.g. Fetz & Cheney, 1980; Lemon, Mantel & Muir, 1986; Cheney, Fetz & Mewes, 1991) . Synaptic linkage is revealed by the presence of a transient post-spike facilitation (PSF) in the STA. In spite of several limitations, the latency, amplitude and duration of PSF allow mono-and disynaptic connections with motoneurones to be distinguished, and STA can be used to estimate the relative strength of these connections (Kirkwood, 1979; Fetz & Cheney, 1980; Fetz, 1988) .
In the case of descending tectal projections, electroanatomical studies strongly suggest that excitatory effects of the SC on contralateral neck motoneurones are transmitted mainly, if not exclusively, by pontobulbar reticulospinal neurones (Anderson, Yoshida & Wilson, 1971; Iwamoto, Sasaki & Suzuki, 1990) , although terminations of tectospinal neurones in the motor nuclei of the neck muscles do exist (Huerta & Harting, 1982; Rose, McDonald & Abrahams, 1991) . The second goal of the present study was to examine whether the parameters of any PSF obtained could serve to distinguish between contributions of monoand disynaptic METHODS Records from TRSNs were selected from experiments on nine cats used for another study . General experimental procedures have been described in detail in preceding publications (Grantyn & Berthoz, 1987; Olivier et al. 1993) and will be only briefly summarized here. Implantation of devices for chronic recording and stimulation was performed during surgery under pentobarbitone anaesthesia (initial dose 35 mg kg-' i.P., supplements of 5 or 10 mg kg-' as required). To shorten the duration of anaesthesia, implants were made in two sessions separated by about 2 weeks. During the first surgical session, three procedures were undertaken. (1) A coil of Teflon-insulated steel wire was sutured to the sclera of one eye in order to measure eye movements by the search-coil method.
(2) After appropriate dissection, bipolar EMG electrodes (multi-strand stainless-steel wires) were introduced into the dorsal neck muscles on both sides. Muscles routinely monitored were obliquus capitis cranialis (OCC) and longissimus capitis.
(3) With the head in the stereotaxic position, three bolts were cemented to the skull to allow head fixation during recording sessions.
After full recovery, the animal underwent surgery a second time, during which varnish-insulated needle electrodes were placed bilaterally in the deep collicular layers using stereotaxic co-ordinates. The final position of the electrodes was adjusted by searching for the location with the lowest threshold to evoke eye movements and/or contractions of neck muscles. When using trains of 0 3 s duration at 200 impulses s-' (pulse width 1 ms) these thresholds varied between 10 and 100 ,uA, depending on the depth of anaesthesia and co-ordinates of the track. Floating needle electrodes were also inserted bilaterally in the anterior funiculi of the second cervical segment of the spinal cord. Finally, a circular portion of the occipital bone was removed and a plastic recording chamber with a removable cover was fixed over the opening with dental cement. The position of the chamber allowed access of microelectrodes to the pons and medulla through the intact cerebellum. After full recovery from the second surgical operation, the cats underwent a recording session on every other day (3 times a week) for a period of 4-6 weeks. Since most of these cats were also used for a morphological study of TRSNs (see Olivier et al. 1993) , chronic experiments were terminated 12-18 h after intraaxonal injection of horseradish peroxidase (HRP). To this end, animals were deeply anaesthetized with pentobarbitone (60-80 mg kg-) and perfused through the ascending aorta. Prior to perfusion, small electrolytic lesions were made at the tips of collicular and spinal stimulation electrodes to recover their positions during later histological processing.
Neuronal activity of TRSNs was recorded intra-axonally in the caudal pons with glass microelectrodes filled with 3-5 M NaCl. TRSN axons were identified by their direct orthodromic responses to stimulation of the contralateral SC (latency less than 0 5 ms) and antidromic responses to stimulation of the ipsilateral ventral funiculus. TBSN activity, eye movements and electromyographic activity of dorsal neck muscles were recorded on tape with a bandwidth from DC to 2-5 kHz. Before off-line data acquisition, neck EMG was rectified without additional filtering and then sampled at 5 kHz. Spikes were passed through a window discriminator that provided a transistor-transistor logic (TTL) pulse used to trigger the tectospinal connections. STAs of neck EMG were computed over a period of 100 ms, with a 40 ms pretrigger period. The background EMG activity was determined by performing a regression analysis upon the EMG values of the first and last 25 ms of the STA. A post-spike facilitation (PSF) was considered to be present if its peak exceeded the level of two standard deviations (S.D.) above the background EMG. The onset latency of the PSF was measured with reference to the trigger spike and was defined as the point where PSF exceeded the background level by one S.D. The duration of the PSF was taken from the onset to the point of recrossing the one S.D. line above the background activity. The amplitude of PSF was expressed as a percentage of the size of the peak above background relative to the background EMG value. Both values were taken at the moment of PSF peak, the background level being obtained by extrapolation of the regression line (see above). The cumulative sum (cusum) derived from each STA was also computed to facilitate the detection of any systematic deviation from the baseline (Ellaway, 1977) . The autocorrelogram histograms were calculated for each TRSN using a bin width of 0 5 ms. The latency of EMG responses to stimulation of the contralateral superior colliculus was measured in the OCC muscles in two cats. Two 0-2 ms pulses separated by 5 ms were delivered to the SC. The intensity was set to 1P2-1-5 times threshold and the latency was measured from the second shock during periods of low background EMG activity. The motor conduction time was assessed by stimulating the spinal cord with single negative pulses of 0X15 ms duration through a needle electrode implanted in the ventral quadrant of the caudal C2 segment and this was routinely used for antidromic identification of TRSNs. The stimulation was monopolar, a thin silver plate placed under the ventrolateral surface of the cord serving as indifferent electrode. With such a configuration of stimulating electrodes motor axons were most probably stimulated along their intramedullary course or even at the exit of the ventral root.
RESULTS

Activity of neck muscles and TRSNs during orienting movements
Characteristics of TRSN bursts generated in response to visual stimuli and correlations of some burst parameters with orienting movements have already been described in detail (Grantyn & Berthoz, 1985; Munoz, Guitton & Pelisson, 1991; Olivier et al. 1993 ). According to their behavioural properties, neurones included in the present study belonged to the class of 'visuomotor' TRSNs, as defined by Grantyn & Berthoz (1985) . These cells show directionally selective responses to moving visual stimuli and enhanced bursts when the animal orients to such stimuli by saccadic eye movements. Figure 1 provides a representative example of the general features of neck EMG activity associated with TRSN activity in a head-fixed cat. During this record, a visual target (a disc subtending 5 deg of the visual field) moved back and forth at constant velocity along an oblique meridian (30 deg off horizontal; (Fig. 1, lower trace) . The amplitude of target displacement eye movements, approximately matching the direction of target displacement (Fig. 1 , upper two traces). The left OCC muscle displayed EMG activity typical of eye-neck synergy in head-fixed cats. Tonic activity was absent or extremely weak when the eyes were deviated to the right or centred, whereas visually triggered leftward saccades reaching a sufficient eccentricity were accompanied by phasic EMG bursts ( Fig. 1 , EMG events 1, 3 and 4). These phasic bursts were followed by tonic activity of lower amplitude provided that the eyes remained in a sufficiently eccentric position to the left. The high frequency portions of TRSN bursts preceded and overlapped phasic components of neck EMG, but usually TRSNs remained silent during the tonic, eye positionrelated neck muscle contraction. Such bursts associated with eye saccades and phasic neck muscle activity during tracking of a visual target moving in the neurone's 'on direction' (Fig. 1 , *) are typical of 'visuo-motor' TRSNs. However, many of them also generate bursts associated with other sensory and motor events. For example, the neurone shown in Fig. 1 was consistently activated at the end of saccades away from the visual target (trace FR: 0) and at the onset of target displacement to the right and downward ('off direction'; trace FR: A). In such cases, TRSN bursts coincided with a diminution or even a complete suppression of the EMG activity in the presumed target neck muscle. It should also be noted that TRSNs are not active during 'spontaneous' gaze shifts, i.e. in the absence of a discrete visible or memorized target (Grantyn & Berthoz, 1985 , Munoz & Guitton, 1986 . During such events, EMG activity in contralateral neck muscles is not accompanied by TRSN discharge (Fig. 1, event 2 ). Sample of TRSNs studied with the STA method The patterns of neck muscle and TRSN activities described above make it difficult to collect a large number of spikes to compute a STA. In the present sample of fourteen identified 'visuomotor' TRSNs only eight neurones (18 cell-muscle pairs) produced at least 400 spikes (range: 400-2532). We have selected this number as the lower limit that will allow detection of PSFs of small amplitude, corresponding to the 'weak' PSFs described by Fetz & Cheney (1980) . The rationale for selecting this limit was derived from the tests described below. These consisted of computing STAs with the first and the second halves of the total spike trains. Among TRSNs producing a 'weak' PSF, the smallest total number of spikes was 793, and the PSF could be detected with 397 trigger spikes. The total number of 400 spikes was therefore taken as the smallest acceptable, even though one TRSN showed a clear PSF in STA computed from 242 spikes ( Fig. 3 ) but this was the largest PSF observed. A significant short latency PSF in the the STA of an ipsilateral neck EMG was obtained from five TRSNs. Four was + 45 deg. The animal followed the target with saccadic of them yielded PSF in one muscle only (OCC), and one in two muscles (OCC and longissimus). Results obtained with all spikes will be presented first, followed by the description of PSF computed after selection of spikes preceded by interspike intervals of different durations. PSF of neck EMG without selection of trigger spikes Figure 2A shows a STA of a rectified EMG from the OCC muscle, obtained with 2491 trigger spikes. A transient increase in the EMG activity after the trigger spike is clearly distinguishable from other fluctuations, in spite of a low signal-to-noise ratio. In this example, the onset latency of PSF was 2-4 ms, its peak latency 70 ms, and the duration 7-4 ms. The cusum confirmed a clear facilitation of neck EMG activity following trigger spikes. The onset latency of PSF, as estimated with the cusum, was 20 ms. The autocorrelogram histogram of the trigger cell spike train (Fig. 2B ) did not reveal any rhythmicity in the firing rate of this TRSN. Periodicity was absent also in autocorrelograms computed from spike trains of all other TRSNs included in the present study. The reliability and the reproducibility of the PSF were tested using the two methods described by Lemon et al. (1986) . The first consists of compiling two STAs, one from each half of the complete spike train. As seen in Fig. 3A , in each epoch containing only 242 spikes, the resulting PSFs The second test is based on the compilation of STAs of the same EMG signal using pseudorandom triggers produced by delaying each spike by 250 ms. As shown in Fig. 3 Kitama and A. Berthoz J. Physiol. 482.2 1.1 and 50 ms (3 0 + 1-7 ms). However, the cusum revealed an earlier onset of deviation from the baseline (2-1 + 2-5 ms) and in one case the onset latency was even negative (range: -1I6 to 4 8 ms). The mean peak latency of PSFs was 9'3 ms (S.D. 3.7 ms) and the mean rise time to peak was 6-3 ms (S.D. 3.9 ms). The duration of facilitation peaks ranged between 7-4 and 16-1 ms (I114 + 3-1 ms). The unrealistically short or negative PSF onset latencies measured with the cusum technique suggest that the facilitation seen in STAs could be due, at least in part, to the effects of other TRSNs discharging synchronously with the trigger cell (Davies, Kirkwood & Sears, 1985) . In the present study, it proved to be impossible to differentiate easily, on the basis of their different time course, the facilitation produced by the trigger neurone and that due to presynaptic synchronization as described by Flament, Fortier & Fetz (1992) .
Distribution of interspike intervals in TRSN bursts
Another possible explanation for the early PSF onsets could be the presence of very short interspike intervals in TRSN bursts. In this case spikes preceding the trigger spikes would contribute to PSF, leading to an early onset (Lemon & Mantel, 1989) . Figure 4 shows interspike interval histograms from two TRSNs which produced PSFs with latencies of 2-4 (A) and 1 1 ms (B). In all TRSNs the distributions of interspike intervals were unimodal and skewed towards values shorter than 20 ms. The histogram illustrated in Fig. 4B gives an example of the particularly high instantaneous firing rate in a TRSN: intervals shorter than 10 and 5 ms represented, respectively, 58-6 and 31 7% of the total number of intervals. Other TRSNs, including that of Fig. 4A , showed a smaller but still considerable proportion of short intervals: 218-37 2% shorter than 10 ms and 5 5-1 2 6 % shorter than 5 ms. In a larger sample of TRSNs, including those which did not yield a significant PSF (n = 14), the average percentage of intervals shorter than 5 ms was 12% (range: 4-5-32-9%), with the exception of one neurone which showed no short intervals at all. As can be seen in Fig. 1 , the highest firing rates were reached during the incremental part of phasic EMG bursts. PSF produced by trigger spikes preceded by short and long intervals Selection of trigger spikes according to the duration of both pre-trigger and post-trigger interspike intervals (Lemon & Mantel, 1989) could not be done because of the small number of available spikes. Instead, for each TRSN, STAs were computed from two samples of spikes preceded by 'short' and 'long' intervals. The separation between 'short' and 'long' intervals was set at 5 ms. The choice of this value was based on the curves of temporal facilitation of EPSPs induced in spinal motoneurones by descending Figure 4 . Interspike interval histogram (bin width 1 ms) of two TRSNs from which significant PSFs were obtained by the STA method A, data from a neurone, the PSF and autocorrelogram histogram of which are shown in Fig. 2 pathways and on the timing of extra spikes observed in intracellular recordings from TRSNs (see Discussion). For two neurones, however, the minimal interval preceding the trigger spikes had to be extended to 10 ms in order to obtain a sufficient number of spikes to compute the STA. Figure 5A -D compares STAs compiled from spikes preceded by 'short' and 'long' interspike intervals. The autocorrelogram histograms show the spikes selected for EMG averaging. STAs computed from spikes preceded by 'short' intervals ( Fig. 5A and C) showed a significantly larger PSF amplitude (14X8 + 7 4%) than that of PSF resulting from all spikes (Student's paired t test, t = 4X15, P < 0 005). The onset latency of PSF was shorter in the STA constructed from spikes preceded by 'short' intervals 1P0 + 2-1 ms; paired t test, t = 3 09, P = 0 01) and cusums revealed a negative onset latency of PSF in four of six STAs. Examples of STAs obtained from spikes preceded by 'long' interspike intervals (> 5 or > 10 ms) are illustrated in Fig.  5B and D. PSF was still present in all STAs, as clearly shown by cusums, but their amplitude was much smaller (5 3 + 2-7%) than that of PSF obtained with spikes preceded by 'short' intervals. The ratio of PSF amplitude obtained with 'short' intervals to that of 'long' intervals was equal to 1P9 in one TRSN; in the remaining four cells it varied between 3 2 and 7 2. Selection of spikes preceded by 'long' intervals also resulted in significantly longer PSF latencies (4 8 + 1P7) than in the 'short' interval sample 1P0 + 241 ms; paired t test, t = 10 7, P< 0 001). A similar lengthening of onset latencies was observed as estimated by the cusum, where negative latencies were no longer seen (range: 2-4-4-8 ms; 3-8 + 1P3 ms). This contrasts with PSF onset latencies measured with cusums in STAs obtained from spikes preceded by 'short' intervals (range: -5 0 to 3 0 ms;-0-6 + 3 0 ms).
Measurement of minimal conduction times
To measure conduction times between the SC and neck muscles, an EMG response was evoked by contralateral collicular stimulation in two animals (see Methods). The latency was measured in the OCC muscle with respect to the second pulse and was equal to 3-45 + 0-23 ms (range: 3-1-3-8 ms). In this experiment stimulation was applied through a chronically implanted electrode shown histologically to have its tip in the deep grey layer at the level of the caudal pole of the SC. With the stimulating electrode in this position, the threshold of neck muscle responses to a longer pulse train is usually lower than that of eye saccades. Since the stimulus point was close to the deep white layer, and high intensities (300 ,sA) had to be used to evoke a clear EMG response with two pulses, the stimulation of a large number of efferent collicular axons was most likely. In a second experiment, muscle responses were tested with a movable electrode placed in the upper tier of the intermediate grey layer where the threshold for eye saccades was the lowest (6 1sA for a train of 11 pulses at 500 Hz). The latency of the EMG response in the OCC muscle, measured from the second of the paired pulses, was 4-6-4-8 ms. Since it has been shown that for such dorsal stimulus locations the latencies of EPSPs in neck motoneurones are about 1 ms longer than for locations in the deep grey layer (Alstermark, Pinter & Sasaki, 1992) , the result of our second experiment is in close agreement with that of the first. The latency of EMG response of the OCC muscle to spinal cord stimulation at the mid-length of the C2 segment was 0 9 ms (range: 0-85-0-95 ms), at 1 1 x threshold intensity. Although the electrode location was such as to stimulate motor axons over their intramedullary portion or even at their exit from the spinal cord, the underestimation of muscle response latency can be regarded as negligible.
DISCUSSION
Limitations in the application of the STA method to TRSNs
The most important limitation in the use of the STA method to study TRSN effects on neck motoneurones is the difficulty in obtaining a sufficiently large number of spikes. The reasons for this lie in the poor reproducibility and the rapid habituation of orienting reactions to visual stimuli in untrained cats. In addition, centripetal eye saccades terminating in the ipsilateral hemifield (with respect to the location of a TRSN in the SC) are not accompanied by neck muscle activity. In both cases 'visual' or 'visuomotor' TRSN bursts continue to be generated in the absence of any EMG activity in neck muscles (Grantyn & Berthoz, 1988; Olivier et al. 1993) . Trigger spikes occurring during these bursts would therefore not contribute to PSF. This reduces the number of events where TRSN bursts coincide with an increase in neck EMG activity.
Another complication comes from the fact that TRSN bursts occur only during phasic, not tonic, EMG activity. High frequency portions of bursts, comprising the large majority of trigger spikes, coincide with the phasic part of neck EMG activity ( Fig. 1 and Olivier et al. 1993) . The consequences of such relationships between TRSN bursts and EMG activity are a continuous rise of the background EMG level in the STA and an increase in noise amplitude (Lemon et al. 1986 ). In the present study, this led most probably to inaccuracies in latency measurement and underestimation of relative amplitudes of PSF.
Interpretation of post-spike effects of TRSNs on the EMG of neck muscles The reproducibility of short latency peaks in STAs has been tested by independent averaging over the first and the second halves of the whole spike sequences. Their causal relation to trigger spikes has been confirmed by the absence of measurable peaks in STAs computed from pseudorandom events. These two tests demonstrate that the transient post-spike increment in the averages of neck EMG is a genuine spike-related phenomenon comparable with the PSF observed, for example, in the monkey corticomotoneuronal system (Fetz & Cheney, 1980; Lemon et al. 1986; Cheney et al. 1991) . By analogy with the interpretation of cross-correlograms (Moore, Segundo, Perkel & Levitan, 1970; Kirkwood, 1979; Davies et al. 1985) , the short-latency peaks seen in STAs of EMG can have different origins. The more straightforward one is an excitatorydirect or indirectsynaptic linkage between the trigger and target cells. However, peaks in cross-correlogram can also occur in the absence of functional connection between trigger and outputs cells, for example in the case of synchronization between the trigger cell and other neurones converging to the same target (Kirkwood, 1979; Davies et al. 1985; Cheney et at. 1991) . The presence of presynaptic synchronization is strongly suggested when peaks in cross-correlogram have latencies shorter than the minimal conduction and transmission time in the pathway concerned, and this was the case for some TRSNs when STAs were computed from all spikes or from spikes preceded by 'short' intervals. Although we cannot definitively exclude the contribution of synchrony facilitation to PSFs produced by TRSNs, we consider it unlikely for the following reasons. First, the onset latencies of PSFs computed from spikes preceded by 'long' intervals were larger than the minimal estimated monosynaptic delay (1-9-2-1 ms, see below). This suggests that unrealistically short latencies could be due to the summation of facilitation from the trigger spike with that of preceding spikes. A similar phenomenon was observed by Lemon & Mantel (1989) when STAs were computed with a selection of trigger spikes preceded by a 2-10 ms interspike interval. The unrealistically short latencies seen in STAs computed from all spikes do not therefore prove the presence of synchrony facilitation in STAs obtained from TlRSNs. A second indirect argument against a major contribution of presynaptic synchronization to PSFs of neck EMG is based on the large variability in PSF onset latencies seen in STAs computed from all spikes (range: -1 6 to 4-8 ms when determined with cusum). Indeed, if synchrony facilitation were at the origin of spike-related peaks in STAs, onset latencies of PSF from different TRSNs would be expected to show a much smaller variability. By analogy with a model of the bulbospinal system (Davies et al. 1985) , the latency of the synchrony peak should be determined by the conduction velocity of the fastest neurone synchronized with the trigger cell. However, this argument is valid only if assumptions made for bulbospinal neurones are also applicable to TRSNs, i.e. that the trigger cell is synchronized with neurones covering the full range of conduction velocities and that the time course of synchronization is constant across all participating neurones. Based on these arguments it will be assumed that PSFs in neck EMG were caused, to a major extent, by facilitatory action of TRSN trigger spikes on neck motoneurones, although we cannot exclude the possibility that presynaptic synchronization might have influenced the measurements of latency and relative amplitude of PSFs. Are tectomotoneuronal PSFs monosynaptic? Terminals of tectospinal neurones in motor nuclei of the upper cervical segments have been demonstrated with anterograde tracing techniques (Huerta & Harting, 1982; Rose et at. 1991 ) but counts of terminals inside the motor nuclei were very low, suggesting that direct tectomotoneuronal connection is weak. Intracellular studies on neck motoneurones are in agreement with this observation. Anderson et at. (1971) recorded EPSPs evoked by SC stimulation in splenius and biventer complexus motoneurones, and concluded that EPSP latencies are compatible with monosynaptic transmission 'in a few cases'. Alstermark et al. (1992) , working on motoneurones of the same muscles, found no monosynaptic connection at all, whereas Gura & Limansky (1986) concluded that it exists in about 14% of the studied accessory motoneurones. All authors agree, however, that monosynaptic transmission is of minor importance compared with disynaptic transmission.
In studies using the STA technique, mono-and disynaptic pathways have been commonly identified by latencies, amplitudes and durations of PSFs. Theoretically, monosynaptic connections will lead to short-latency and transient PSFs of large amplitude, while a disynaptic pathway will produce a second-order correlation peak, more dispersed in time and of smaller amplitude and requiring larger number of trigger events for it to be revealed (Kirkwood, 1979; Fetz & Cheney, 1980; Kasser & Cheney, 1985; Fetz, 1988; Cheney et al. 1991) .
To characterize the latencies of PSFs produced by TRSNs one should consider the values least influenced by the previous spikes, i.e. those obtained after exclusion of trigger spikes preceded by 'short' intervals. These latencies varied between 2 4 and 5-4 ms when measured from cusums. Conduction time from the recording point in the pontine portion of TRSN axons to the C2 spinal segment can be approximated by antidromic latencies at 0 5-0 7 ms, and the earliest response of OCC muscle to stimulation of the ventral quadrant of C2 had a latency of 0 9 ms. Adding 0-5 ms for one central synaptic delay gives a minimal expected PSF monosynaptic latency of 1 9-2 1 ms from the recording site in the pons and of about 2-2-2A4 ms from the SC. The mean difference between the onset latency of PSFs and the minimal PSF monosynaptic latency was 1P8 ms on average, with individual variations between 0 3 and 3*5 ms. It must be noted, however, that our calculation of minimal PSF latency is likely to result in an underestimation because antidromic conduction time does not take into account the slowing down of conduction velocity in collateral branches terminating in the spinal cord. A study of reticulospinal neurones demonstrated that conduction along collaterals in motor nuclei of dorsal neck muscles introduced a maximal delay of 0 4 ms ) and delays of up to 1P1 ms were reported for collaterals of fast conducting corticospinal axons in the cervical spinal cord of the cat (Shinoda, Yamaguchi & Futami, 1986) . Therefore, it appears reasonable to conclude that in the two TRSNs with PSF latencies no more than 1 ms larger than the minimal monosynaptic latency, PSFs were likely to be monosynaptic. In the remaining three neurones, latencies of PSFs did not allow mono-or disynaptic effects to be unequivocally distinguished. The amplitude of PSFs obtained after exclusion of trigger spikes preceded by 'short' intervals varied from 2-1 to 9-6%. Following the classification of Fetz & Cheney (1980) , the strength of PSF should be judged 'moderate' in one TRSN, 'weak' in two and 'marginal' in the remaining two cells. This is in agreement with anatomical and intracellular observations cited above. However, it must be borne in mind that this result was obtained after limiting maximal instantaneous firing rates to 100 or 200 impulses s l. Specific contribution of spikes preceded by 'short' intervals will be discussed below. The mean duration of PSFs induced by TRSNs (P1 0 + 3 8 ms) was comparable with that of monosynaptic PSFs reported for corticomotoneuronal cells (9 1-11P4 ms, Fetz & Cheney, 1980; 14-0 + 4-6 ms, Lemon et at. 1986) . Such a similarity also supports a monosynaptic origin of PSFs induced by TRSN spikes.
Possible contribution of disynaptic pathway to PSF The minimal latency of presumably disynaptic EPSPs evoked in neck motoneurones by stimulation of the SC can be as short as 1P2-1P4 ms, provided the stimulation is strong enough to activate many tectofugal neurones (Alstermark et al. 1992 ). Adding 0 9 ms for peripheral conduction time (see above), that gives a minimal latency of 2-1-2-3 ms for EMG facilitation from the SC via the disynaptic reticulospinal pathway. Given the relatively low temporal resolution of STAs of multi-unit EMG and the low signal-to-noise ratio in the present study, it would be impossible to detect the difference between monoand disynaptic latencies in the onset of PSFs. Theoretically, a disynaptic pathway could yield a significant PSF if first-order cells excite a large number of relaying neurones (Fetz, 1988) . This condition is fulfilled by TRSNs the axons of which show a strong divergence of connections in the pontobulbar reticular formation (Grantyn & Grantyn, 1982; Olivier et al. 1993) . Accordingly, a high percentage of reticulospinal neurones, including those projecting to upper cervical segments, are monosynaptically excited by collicular stimulation (Peterson, Anderson & Filion, 1974; ). As already discussed above, PSFs produced by disynaptic connections should have longer latencies and durations than monosynaptic PSFs. According to these parameters, TRSN PSFs are comparable with monosynaptic corticomotoneuronal PSFs. However, Mewes & Cheney (1990) have shown that the disynaptic thalamocorticospinal connection to motoneurones of forearm muscles produce PSFs with onset latencies and durations indistinguishable from monosynaptic corticoand rubrospinal pathways. Therefore, the possibility that tectomotoneuronal PSFs contain a disynaptic component cannot be discarded. Effect of high instantaneous firing rates on PSFs produced by TRSNs Our data demonstrate a higher efficacy of spikes preceded by short interspike intervals. A similar phenomenon has been reported in corticomotoneuronal cells (Fetz & Cheney, 1980; Lemon & Mantel, 1989) and has been attributed to more effective temporal summation and to frequencydependent potentiation of EPSPs by volleys arriving at short intervals. A similar effect has also been described for EPSPs evoked by collicular stimulation, both in neck motoneurones (Anderson et al. 1971; Alstermark et al. 1992 ) and in reticulospinal neurones (Grantyn, Baker & Grantyn, 1980) . For TRSNs for which a sufficient number of spikes was available, the value of < 5 ms was chosen to separate trigger spikes preceded by 'short' intervals for the two following reasons. First, intracellular study of cat TRSNs revealed that a sufficiently strong depolarization leads to generation of extra spikes (doublets, triplets, etc.) during rhythmic firing and interspike intervals of such 'grouped discharges' are distributed between 2-5 ms (Grantyn, Grantyn & Schierwagen, 1983) . As shown here, interspike intervals within this range were often observed in TRSN burst discharges recorded in alert cat (Figs 1 and 4) . Second, both in corticospinal (Muir & Porter, 1973) and in reticulospinal (Shapovalov, Grantyn & Kurtchavy, 1967) pathways, the frequency-dependent potentiation of EPSPs in spinal motoneurones reaches a maximum at 2-5 ms conditioningtest intervals. Unfortunately, complete curves describing the frequency-dependent modulation of EPSP amplitudes are not available for tectospinal connections. The amplitude of PSF obtained from spikes preceded by 'short' intervals strongly suggests the presence of frequencydependent facilitation in addition to temporal summation of the effect of preceding spikes. As argued by Lemon & Mantel (1989) , temporal summation alone would, at most, double the amplitude of PSF obtained with 'long' intervals.
In the present study, the ratio of PSF amplitude obtained with 'short' intervals to that of 'long' intervals was equal to 1P9 in only one TRSN. In the remaining four cells it varied between 3-2 and 7-2 suggesting that the presence of short interspike intervals in TRSN bursts increases the efficacy of transmission to neck motoneurones. Since short intervals were usually observed before the onset and during the phasic part of neck EMG activity, the potentiated facilitatory effect of single TRSN spikes could contribute to preparatory facilitation of motor pools, followed by a rapid recruitment of motoneurones. This mechanism could be of great functional importance in the initiation of high velocity head movements, irrespective of the pathway mediating this effect. 
